A substitution of cysteine for glycine 748 of the alpha 1 chain produces a kink at this site in the procollagen I molecule and an altered N-proteinase cleavage site over 225 nm away.
In previous work (Vogel, B. E., Minor, R. R., Freund, M., and Prockop, D. J. (1987) J. Biol. Chem. 262, 14737-14744), we identified a single-base mutation that converted the glycine at position 748 of the alpha 1 chain of type I procollagen to a cysteine in a proband with a lethal variant of osteogenesis imperfecta. In addition to posttranslational overmodification, the abnormal molecules displayed decreased thermal stability and a decreased rate of secretion. An unexplained finding was that procollagen was poorly processed to pCcollagen in postconfluent cultures of skin fibroblasts. Here, we show that the procollagen synthesized by the proband's cells is resistant to cleavage by procollagen N-proteinase, a conformation-sensitive enzyme. Since the only detectable defect in the molecule was the cysteine for glycine substitution, we assembled several space-filling models to try to explain how the structure of the N-proteinase cleavage site can be affected by an amino acid substitution over 700 amino acid residues or 225 nm away. The models incorporated a phase shift of a tripeptide unit in one or both of the alpha 1 chains. The most satisfactory models produced a flexible kink of 30 degrees or 60 degrees at the site of the cysteine substitution. Therefore, we examined the procollagen by electron microscopy. About 25% of the molecules had a kink not seen in control samples, and the kink was at the site of the cysteine substitution.